We calculate the leading logarithmic QCD corrections to the decay B s → γγ in the two Higgs doublet model with tree level flavor changing currents (model III) including O 7 type long distance effects. Further, we analyse the dependencies of the branching ratio Br(B s → γγ) and the ratio of CP-even and CP-odd amplitude squares, R = |A + | 2 /|A − | 2 , on the charged Higgs mass m H ± and the selected model III parameters ξ U,D including the leading logarithmic QCD corrections. It is found that to look for charged Higgs effects, the measurement of the branching ratio
Introduction
Rare B meson decays constitude one of the most important class of decays since they are induced by flavor changing neutral currents (FCNC) at loop level in the Standard Model (SM).
Therefore they allow us to test the flavor structure of the SM and provide a comprehensive information about the fundamental parameters, such as Cabbibo-Kobayashi-Maskawa (CKM) matrix elements, leptonic decay constants, CP ratio, etc. These decays are also sensitive to the new physics beyond the SM, such as two Higgs Doublet model (2HDM), Minimal Supersymmetric extension of the SM (MSSM) [1] , etc.
Among the rare B meson decays, the exclusive B s → γγ decay has received considerable interest in view of the planned experiments at the upcoming KEK and SLAC-B factories and existing hadronic accelerators, which may measure the branching ratios (Br) as low as 10 −8 .
Since the B s → γγ decay has two photon system, it is possible to study the CP violating effects and it can be easily detected in the experiments by putting a cut for the energy of final photons [2] . Further, this decay can give information about physics beyond the SM.
The B s → γγ decay has been studied in the framework of the SM (2HDM) [3] - [4] ( [5] )
without QCD corrections. It is well-known, that the QCD corrections to the b → sγ decay are considerably large (see [6] - [9] and references therein). Therefore, one can naturally expect that the situation is the same for the inclusive b → sγγ decay. Recently, the analysis with the addition of the leading logarithmic (LLog) QCD corrections in the SM [10] - [12] , 2HDM [13] and MSSM [14] has been done and the strong sensitivity to QCD corrections was obtained.
The calculations shows that the Br of the decay B s → γγ is enhanced with the addition of the QCD corrections in the SM. The extension of the Higgs sector (model II in 2HDM) brings extra enhancement to the Br. However, the present theoretical results are at the order of 10 − 6
(∼ 10 −6 ) [13] are far from the experimental upper limit [15] Br(B s → γγ) ≤ 1.48 .10 −4 .
In the present work, we study this decay in the framework of the model III with perturbative QCD corrections in the LLog approximation, by imposing a method based on heavy quark effective theory for the bound state of the B s meson [10] . Further, we improve our calculations with the inclusion of long-distance effects through the transition B s → φγ → γγ, which we call O 7 -type, see [10] for details. In the analysis, we use the constraints coming from the ratio 
where L and R denote chiral projections L(R) = 1/2(1 ∓ γ 5 ), φ i for i = 1, 2, are the two scalar doublets, η
U,D ij
and ξ
are the matrices of the Yukawa couplings. The choice of φ 1 and φ 2
with the vacuum expectation values,
permits us to write the Flavor Changing (FC) part of the interaction as
where the couplings ξ U,D for the FC charged interactions are
U,D neutral
1 is defined by the expression
1 In all next discussion we denote ξ
Here, the charged couplings appear as a linear combinations of neutral couplings multiplied by The effective Hamiltonian relevant for our process is
where the O i are operators given in eqs. (9), (10) The operator basis is the same as the one used for the b → sγ decay in the model III [17] and SU(2) L × SU(2) R × U(1) extensions of the SM [18] :
and the second operator set O 
where α and β are SU ( 
and for the second set of operators eq. (10),
where
In eqs. (11) and (12) we used the redefinition
The functions F 1 (y), F 2 (y), G 1 (y) and G 2 (y) are given as
Note that we neglect the contributions of the internal u and c quarks compared to one due to the internal t quark. In the calculations, we take only the charged Higgs contributions into account and neglect the effects of the neutral Higgs bosons since their interactions include negligible Yukawa couplings due to our assumption (see sec. 3 and [17] for details).
For the initial values of the Wilson coefficients in the model III (eqs. (11)and (12)), we have ) and their contributions at any lower scale can be calculated as in the SM case [17] .
The matrix element < γγ|H ef f |B s > of the effective Hamiltonian ( eq. (8)) gives the amplitude which can be written in terms of two Lorentz strructures [4] - [5] , [10] - [12] :
whereF µν = . In a HQET inspired approach these amplitudes are:
f Bs m 
and
for q = u, c and Q q = − for q = d, s, b. Here, we have used the unitarity of the CKM-matrix i=u,c,t V * is V ib = 0 and have neglected the contribution due to V * us V ub ≪ V * ts V tb ≡ λ t . The function g − is defined as [10] :
The parameterΛ s enters eq. (18) and (19) through the bound state kinematics [10] . m 
where λ 2 comes from the matrix element of the heavy quark expansion [19] . The LLog QCDcorrected Wilson coefficients C 1...10 (µ) [10] - [12] enter the amplitudes in the combinations
where N c is the number of colours (N c = 3 for QCD).
The effective coefficients C ef f 7 (µ) and C ′ef f 7
(µ) are defined in the NDR scheme, which we use here, as [17] C ef f
The functions I(m q ), J(m q ) and △(m q ) come from the irreducible diagrams with an internal q type quark propagating and are defined as 
Finally the CP-even A − and CP-odd A + amplitudes can be written as
where the amplitudes A ± 1 and A ± 2 are given in eqs. (18) and (19) respectively. In our numerical analysis we used the input values given in Table ( 
Discussion
In this section we study the dependencies of the Br and the ratio R = |A fig. 2 (4) , the Br is presented for the case r tb >> 1. It is seen that there is an extreme enhancement of the Br, especially for the small values of m H ± . Note that this is similar to the result coming from the choice of tanβ < 1 in the model II [13] . In figs. 5 (6) we presentξ 1 (fig. 7) . However, it is enhanced with the increasing value of m H ± (m H ± ≤ 1000 GeV ) for r tb >> 1 ( fig. 8 ). Decreasing the scale µ weakens the dependence of the ratio R on m H ± and the contribution of the charged Higgs bosons to the R ratio becomes small similar to the model II [13] . Further, it becomes less dependent to m H ± with increasingξ D N,bb (fig 8, 9) . Fig. 10 and 11 show the dependence of R onξ (fig 11) . Note that, this ratio can exceed one unlike the SM case. The same situation appears in model II also [13] .
The ratio R is quite sensitive to QCD corrections and it is enhanced with decreasing scale µ for the SM and |r tb | << 1 ( figs. 7, 10) . However, this ratio decreases for r tb >> 1 (figs. 8, 9, 11 ).
We observe, that the smaller the value of m H ± (the larger the value ofξ D N,bb ), the less dependent is the ratio on µ. This strong µ dependence makes the analysis of the model III parameters m H ± andξ U,D for the given experimental value of the ratio R to be difficult, especially for the case |r tb | << 1. However, we believe, that the strong µ dependence will be reduced with the addition the of next to leading order (NLO) calculation, and the analysis on the parameters will be more reliable.
We complete this section by taking the O 7 type long distance effects (LD O 7 ) for both the Br and the ratio R into account. The LD O 7 contribution to the CP-odd A − and CP-even A + amplitudes has been calculated with the help of the Vector Meson Dominance model (VMD) [10] and it was shown, that the influence on the amplitudes was destructive. With the addition of the LD O 7 effects, the amplitudes entering the Br and R ratio are now given as
where A ± SD are the short distance amplitudes we took into account in the previous sections (eq. 25). The LD O 7 amplitudes A ± LD O 7 are defined as [10] 
where f φ (0) = 0.18 GeV is the decay constant of φ meson at zero momentum,F 1 (0) is the extrapolated B s → φ form factor (for details see [10] ). Note that we neglect the contribution of operator O [17] and the experimental upper limit for the Br of the decay underconsideration. We obtain that the strong enhancement of the Br is possible in the framework of the model III. 
